3 global data are prepared on a regular longitude-latitude grid with intervals of 2 o . They 134 are based on 6-hourly ensemble-mean forecast into which surface observations of 135 synoptic pressure and monthly-mean sea-surface temperature and sea ice were 136 assimilated. Due to relatively large ensemble spread over the North Pacific and the 137 Arctic region before the 1910s (not shown), our analysis is limited to 100 winters 138 from 1910/11 to 2009/10. Here, we focus on the cold season (November-March), and 139 the climatological annual march was removed for the individual calendar months at 140 each grid point to define local anomalies. 141 Figure 1a shows EOF1 of the monthly SLP anomalies over the extratropical 142
Northern Hemisphere poleward of 20°N, which have been constructed locally only 143 from the first four harmonics for the 100 winters with periods of 25 years or longer. 144
These anomalies thus represent multi-decadal variations in the background state in 145 7 which year-to-year variability is embedded, and EOF1 shown in Figure 1a defines the 146 dominant anomaly pattern in those multi-decadal SLP anomalies (hereafter called 147 "multi-decadal EOF1" for simplicity). Characterized by the in-phase relationship in 148 SLP variability between the Pacific and Arctic, the particular pattern bears certain 149 resemblance to the COWL pattern, as shown in Figure 5 of Wallace et al. (1996) . The 150 result is in agreement with previous findings by Wallace et al. (1996) , Wu and Straus 151 (2004) and Zhao and Moore (2006) . As shown in Figure 1c , the PC1 time series for 152 the particular EOF1 (Figure 1a ) exhibit multi-decadal variations rather coherently 153 among the calendar months. This result is also in agreement with temporal variations 154 of the COWL pattern as shown in the previous studies (Wallace et al., 1996; Wu and 155 Straus, 2004) . Furthermore, the associated SAT anomalies (not shown) regressed onto 156 the PC1 time series in Figure 1c are in the same sign over the mid-and high latitude 157 continents, reflecting the characteristic of COWL pattern. For the sake of our 158 convenience, we hereafter refer to the multi-decadal EOF1 of SLP anomalies shown 159 in Figure 1a as the "(multi-decadal) COWL-like" pattern. 160
As has been confirmed above, the COWL-like pattern is dominant in multi-161 decadal changes in the wintertime circulation, in which interannual variability 162 associated, for example, with AO and AIS are embedded. The interannual variability 163 has been extracted locally in monthly SLP anomaly fields, by removing the first four 164 harmonics from the original centennial anomaly time series at every grid point. 165
Unlike its counterpart for the multi-decadal anomalies, EOF1 of the interannual SLP 166 anomalies thus constructed (Figure 1b patterns that correspond to a unit standard deviation of the PC1 time series, we 172 observe that the amplitude of the AO pattern in Figure 1b tends to be three times 173 larger 1 than that of the COWL-like pattern in Figure 1a , thus confirming the 174 predominance of the former variability over the latter. We should point out that the 175 conclusions of this paper on the year-to-year variability are qualitatively unchanged if 176 the first four harmonics are not removed from the original monthly anomalies. 177
As in Nakamura and Honda (2002) Figure 1b (2012), not all the "potential AO events" observed can be regarded 230 as "pure AO events". This is also the case even when the threshold of the AO index 231 values for identifying a "potential AO event" is raised to 1.5σ . Figure 2c indicates 232 that those active-AIS periods (Figure 2a Over the last 100 years, the intensity of the anomalous Aleutian Low signature 255 extracted in EOF1 (Figure 2d ) corresponds well to the AIS signal in Figure 2a . 256 Specifically, the Aleutian Low anomaly extracted in EOF1 tended to be particularly 257 strong in the 1930s through the 1940s and then in the 1970s through the 1980s, 258 whereas their peak month was changed from January to February from the former 259 period to the latter. During the transition period in the 1960s, in contrast, the AIS 260 signal was diminished and the Aleutian Low anomaly in EOF1 was also weak even in 261 midwinter. In the latest period, the Aleutian Low anomaly still tends to be strong both 262 in January and February. These multi-decadal modulations in the Aleutian Low 263 signature in EOF1 are in good agreement with those of the year-to-year variability of 264 the Aleutian Low shown in Figure 2b and AIS index in Figure 2a that the AIS signal strengthened again in the late-1970s, which was most evident in 285 late winter (Figure 2a) . After the mid-1990s, the AIS signal became even more 286 enhanced, especially in the 25-yr period centered at 1997. Figure 3b Figure 3b , EOF1 294 of winter-mean SLP anomalies is shown in Figure 4 . The anomaly pattern in each of 295 the panels in Figure 4 corresponds to the positive phase of AO, and the signs of the 296 anomalies have to be reversed for its negative phase. In interannual EOF1 for the 297 active-AIS periods (Figures 4a-b) , positive SLP anomalies evident in the Aleutian 298 region and the midlatitude Atlantic both act to enhance the axial symmetry of EOF1, 299 typifying the "pure AO pattern". In the corresponding EOF1 for the inactive-AIS 300 period (Figures 4c-d) , in contrast, the axial symmetry of EOF1 is apparently reduced 301 with negative SLP anomalies in the Aleutian region and positive anomalies in the 302 midlatitude Atlantic. Unlike the "pure AO pattern" (e.g., Figure 1b) , EOF1 of 303 interannual SLP variability for the inactive periods represent a meridional pressure 304 seesaw between the Atlantic and Arctic. This anomaly pattern thus bears some 305 resemblance to the COWL pattern, which is also dominant in multi-decadal SLP 306 variability (Figure 1a) . 307
The results thus far are based on the statistics for a 25-winter sliding window. 308
We have confirmed that changing the length of the window into 15 or 30 winters 309 yields no qualitative changes in our statistics. Qualitatively the same results have also 310 been obtained by using other reanalysis products, including the NCEP/NCAR 311 Reanalysis (Kalnay et al., 1996) 
